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Abstract
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space, excess heat capture, polluted stormwater runoff and lack of ecological biodiversity. Urban agriculture
presents a unique opportunity to utilize vacant or idle land and rooftops throughout cities for the production
of healthy, pesticide-free food. Adding green spaces to a neighborhood, including community gardens and
urban farms, is known to provide a number of social, health, economic and environmental benefits.
Unfortunately, most studies have neglected to analyze the potential contributions of urban agriculture to
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environmental benefits of urban agriculture on unused, vacant real estate or rooftops as compared to the
alternative of leaving the land or space in its current state.
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I would like to dedicate this study to my son-to-be, who will emerge to see the world in 
about a month.  This is for him and the other children of his generation, who will 
hopefully see more gardens and less vacant lots.  
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III. ABSTRACT 
 
THE ENVIRONMENTAL BENEFITS OF URBAN AGRICULTURE ON UNUSED, 
IMPERMEABLE AND SEMI-PERMEABLE SPACES IN MAJOR CITIES 
WITH A FOCUS ON PHILADELPHIA, PA 
Heather Knizhnik 
Christiaan Morssink 
Cities face many environmental challenges, including air and water quality issues, lack of 
sufficient green space, excess heat capture, polluted stormwater runoff and lack of 
ecological biodiversity.  Urban agriculture presents a unique opportunity to utilize vacant 
or idle land and rooftops throughout cities for the production of healthy, pesticide-free 
food.  Adding green spaces to a neighborhood, including community gardens and urban 
farms, is known to provide a number of social, health, economic and environmental 
benefits.  Unfortunately, most studies have neglected to analyze the potential 
contributions of urban agriculture to improvement of ecological sustainability in cities.  
This study used a multi-pronged approach to examine the environmental benefits of 
urban agriculture on unused, vacant real estate or rooftops as compared to the alternative 
of leaving the land or space in its current state. 
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VI. Introduction 
 
With the introduction of new technological innovations during and availability of 
a large labor force in the mid-19
th
 century, many large American cities went through a 
period of rapid expansion known as the Industrial Era.  The term ‘post-industrial’ is used 
to describe cities that went through a very successful expansion during this time, only to 
undergo a major shift when manufacturing began to move out to other locations around 
the 1950’s and the service sector became the primary source of economic productivity.  
Many of these cities have been deemed “shrinking cities” due to the large decrease in 
population that has taken place.  The population loss has affected cities differently, but 
most have suffered with severe fiscal deficits, poverty, crime and environmental 
concerns.   
Cities in general face a set of unique environmental issues.  As a result of dense 
development, ecological systems function differently in an urban environment than a 
more natural setting in terms of biogeochemical conditions and processes; “many basic 
ecosystem components and processes are profoundly altered within cities, including 
climatic conditions, water infiltration, nutrient cycling, resource inputs, and vegetative 
cover and composition” (Pickett et al. 2001, Kaye et al. 2006, as cited in (Beniston & Lal, 
2012)).  Major urban environmental issues include poor air quality, the urban heat island 
effect, reduced water quality and flooding, a lack of ecological biodiversity, an increasing 
waste stream, and excessive carbon emissions.  Many of these concerns, especially the 
urban heat island effect and stormwater runoff, more strongly affect post-industrial cities, 
due to their specific developmental patterns.   
One of the most serious environmental issues faced by cities today is excessive 
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stormwater runoff.  In a natural system, the majority of rain water is able to infiltrate the 
soil and continuously replenish the groundwater aquifers.  However, built up urban areas 
have mostly impervious surfaces and minimal remaining permeable groundcover.  In fact, 
about 45% of all surfaces in urban areas are impervious (Kloss & Calarusse, 2006).  This 
results in excessive stormwater runoff, which leads to a variety of water quality and 
health and safety concerns, such as flooding of neighborhoods.  Rooftops make up a 
significant percentage of the impervious surfaces within a city, making them a major 
factor in excessive stormwater runoff.  Green roofs have recently become a relatively 
well known method of helping to deal with this problem.  However, they are only one 
option, and can be quite costly.  Urban agriculture (UA) presents an alternative use for 
urban rooftops that has not been given adequate consideration as a method of addressing 
stormwater mitigation and other urban environmental concerns. 
Along with the loss of population in post-industrial cities, there is also an 
overabundance of unwanted real estate.  The resulting vacant lots, empty commercial 
spaces and brownfields have become physical and economic burdens to cities which 
typically don’t have the financial resources to address them.  Vacant lots are one of the 
most visible forms of unwanted real estate, and are a major form of urban blight; they are 
aesthetically unpleasant and are known to lead to reduced property values and increased 
crime (Been & Voicu, 2006). Ecologically, they typically have heavily compacted soil, 
low organic matter and poor drainage.  They either contain dry soil with little vegetation 
or are overgrown with unsightly, invasive weeds. 
With the realization that vacant lots are unsustainable and detract from their 
bottom line, some cities have established vacant lot cleanup programs.  Unfortunately, 
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limited financial resources typically only allow improvement on a small percentage of 
lots.  In other cities and the rest of the time, they remain neglected spaces.  Local 
residents sometimes see an opportunity to use the space and take the initiative to plant 
community gardens in vacant lots, with or without city permission.  Research has 
demonstrated that such community gardens and urban farms provide multiple benefits to 
cities, such as increased access to healthy foods, economic revitalization, community 
building and educational opportunities for students and community members (Pearson, 
Pearson, & Pearson, 2010). 
Outside of the U.S., the promotion of UA as a legitimate land use is not a recent 
occurrence.  Historically, it has been extremely common in European countries such as 
England for centuries, with the first mention of allotment gardens going back to the reign 
of Elizabeth I in the late 1500’s (Allotment History - A Brief History of Allotments in the 
UK).  Its benefits of reducing hunger and improving environmental conditions are well 
 
Figure 1: "Plotland" Community garden at 44th and Locust, Philadelphia, PA; originally a guerilla 
garden.  Credit: Heather Knizhnik 
10 
 
understood and widely recognized globally, with its food security benefits particularly 
valued in the global south.  Approximately 15-20% of the world’s food supply is 
produced by UA (Smit et al. 1996, as cited in (Beniston & Lal, 2012)).  It is a primary 
means of food security in many developing countries, such as Vietnam, Nicaragua, Ghana 
and Cuba, where approximately 80% of urban households participate in UA (Pearson, 
Pearson, & Pearson, 2010).  In Cuba in 2001, it accounted for 60% of the vegetable 
production (Beniston & Lal, 2012).  It is also a significant source of specialty crops in 
developed countries like Australia, where it contributes about 15% of the country’s fruit 
and vegetable supply (Pearson, Pearson, & Pearson, 2010).  In Japan, the Netherlands and 
Chile, there are more urban than rural farmers, and certain Chinese cities produce over 
90% of the vegetables consumed (Smit & Nasr, 1992). 
In the U.S., UA has risen and fallen in popularity throughout the years, with 
strong movements occurring during World Wars I and II.  There was a great deal of 
government support for community gardens because it was seen as a way to send more 
food to the soldiers.  This was especially true with the “Victory Gardens” of World War 
II.  Community gardens lost popularity after WWII, as demographic changes occurred 
and the era of the shrinking cities began.  They did not start to gain significant interest 
again until the 1980’s and 90’s, as a community building and food security efforts in 
cities struggling against a myriad of issues.  The economic downturn of the last decade 
has also led to an increase in the number of community gardens.  Currently, a number of 
cities in the U.S. have solid UA movements, some with strong support from the city 
government, such as Portland, Oregon, and others that are more community based, such 
as Detroit, Michigan. 
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  While a number of studies refer to the value or “ecosystem services” of green 
spaces such as urban parks and extensive green roofs in helping to address some of the 
major urban environmental concerns, there is limited research analyzing the specific or 
combined benefits of UA towards the promotion of sustainability in cities.  UA hasn’t 
been comprehensively evaluated for its ability to function as a legitimate type of green 
space, or as a green infrastructure measure.  As a result, few U.S. cities have included it 
as such as measure in their urban design or sustainability planning.   
UA presents an opportunity to utilize these lots and rooftops for a purpose that not 
only adds value in terms of the social, food security and economic benefits, but also a 
way of improving urban environments.  The methodology for this study consisted of a 
comprehensive literature review.  It is exploratory and case-specific.  The primary goals 
of this paper are to: (1) Summarize major urban environmental concerns and explain the 
potential benefits provided by UA (2) Explain why UA should be considered a legitimate 
green infrastructure measure (3) Summarize the potential environmental benefits of UA 
for Philadelphia (4) Make suggestions on further research needed to evaluate 
environmental benefits of UA.  While this was intended to be a systematic review of the 
relevant literature on the environmental benefits of UA, there is an abundance of 
literature on related topics, and due to the limitations of being a capstone project it is by 
no means an exhaustive analysis of the related literature. 
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1. Philadelphia and a New Plan for the Future 
 
 A major post-industrial city, Philadelphia was once known as the “workshop of 
the world”, expanding rapidly due to its abundant resources, central location and 
placement adjacent to the waters of the Delaware and Schuylkill Rivers.  William Penn’s 
“Greene Countrie Towne” had grown into a highly successful example of a city meeting 
its full potential.    
However, in the latter 20
th
 century, many changes began to take place, such as 
increased use of automobiles and shipping, access to more distant energy resources and 
movement of manufacturing away from the city, which drew from Philadelphia’s 
competitiveness.  It began to suffer major population losses and a declining economic 
outlook.  Parts of the city experienced significant deterioration, as the financial resources 
to maintain them disappeared.   
Though several efforts were made to revitalize the city through the following 
decades, it was not until recently that a truly comprehensive plan to transition the city 
into new kind of model, utilizing its old assets but reinventing them as a leader in 
sustainability.  Greenworks Philadelphia was created with a 5 lensed approach towards 
sustainability, looking at Energy, Environment, Equity, Economy and Engagement 
(Greenworks Philadelphia, 2009).  The plan was released by the Mayor’s Office of 
Sustainability in 2009 and contains 15 target categories with multiple sub-targets under 
each, for the City to aim to meet by 2015.  These goals address areas ranging from energy 
efficiency and air quality to green infrastructure and the urban tree canopy.   
Target 10 of the Greenworks goals addresses increasing access and availability of 
local food.  This is the target most directly linked to the subject of this report, urban 
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agriculture.  However, a number of the other targets are also very strongly tied into the 
development of urban agriculture in Philadelphia, and one of goals of this report is to 
strengthen the understanding of how urban agriculture can help Philadelphia meet some 
of the key environmentally based targets listed under the Greenworks plan. 
B. Urban Agriculture’s Environmental Benefits 
 
There are many well-known benefits to UA, such as providing increased access to 
nutritious food, strengthening of communities through educational opportunities for 
residents and children, and increased property values (Been & Voicu, 2006).  Through 
these benefits, UA clearly contributes towards sustainability goals of cities.  Triple 
bottom line sustainability also requires that an activity has a positive, or at least a neutral, 
effect on the environment. Globally, it seems that there is a general sense that UA can 
benefit the environment, in terms of waste reduction, biodiversity etc.; however, there has 
been limited research to directly substantiate this claim.  What research does exist seems 
to indicate that the environmental benefits of urban agriculture outweigh the costs.  
However, the few studies available have each mainly focused on one particular 
relationship between urban agriculture and the environment, and none provides a 
comprehensive frame of analysis. Furthermore, many focus on urban agriculture in 
developing countries, whereas research analyzing benefits for U.S. cities would be useful 
in achieving policy changes to promote UA in this country.    
1. Vacant Lots and Empty Rooftops 
 
In many older cities in the western world, vacant lots are a significant contributor 
to urban blight.  The post-industrial cities of the U.S. have particularly high numbers of 
vacant lots and have an ongoing challenge of trying to figure out how to deal with them.  
14 
 
A report by Econsult Corporation for the Redevelopment Authority of Philadelphia found 
that as of November 2010, there were about 40,000 structureless vacant land parcels in 
Philadelphia (Econsult Corporation, 2010).  This amounts to 1,840 acres on unused land.  
These vacant lots are harmful to communities and local economies, correlating with 
negative characteristics such as crime and homelessness (Branas, Cheney, MacDonald, 
Tam, & Ten Have, 2011).  Left abandoned, they often become dumping sites, possibly 
leading to spills which may cause soil and groundwater contamination.  Of no value to 
the City, this commercial as well residential vacant land attracts crime and reduces 
property values. According to the Econsult report, this reduces property values by an 
average of 6.5 percent, which accounts for for $3.6 billion in property tax loss for the city 
of Philadelphia.   
Not only are vacant lots a drain on the cities’ economies, they have a detrimental 
impact on the environment.  The lots, many of which are the sites of former residential 
buildings that have been demolished, consist of debris from the former building and its 
foundation, such as large pieces of concrete and broken glass.  They also attract dumping 
of trash and potentially toxic substances, which can make them sources of non-point 
pollution.  As a result, they negatively impact the area’s water quality, contributing to 
contamination of streams, rivers and the region’s watersheds.  In addition, vacant lots 
tend to have poor quality, compacted soil, which prevents infiltration of stormwater water 
and leads to increased runoff. 
Converting vacant lots to grass-covered green spaces can also help to reduce 
certain crimes and promote some aspects of health, according to a recent University of 
Pennsylvania study (Branas, Cheney, MacDonald, Tam, & Ten Have, 2011).  In addition 
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to being simply a green space that provides aesthetic improvements in a neighborhood, 
community gardens have been linked to improved health for gardeners and other 
community members for a number of other reasons.  Gardeners and their families benefit 
from improved nutrition, and gardeners from increased physical activity and the stress 
relieving effects of gardening (Wakefield, Yeudall, Taron, Reynolds, & Skinner, 2007).   
Another benefit to the utilization of vacant lots for urban farming is that after the 
initial investment to plant them, they are worked on and maintained by urban farmers, 
community groups or non-profit organizations, and as a result there are no ongoing costs 
to the City or the Water Department.  Other types of vacant lot greening projects such as 
installation of underground water treatment devices or cisterns may be more efficient at 
stormwater management, but they come at a much higher cost in terms of maintenance; 
similarly, grass-covered lots can be costly since they require a professional to be hired for 
frequent mowing and watering.   
  A study by Metcalf and Widener focused on urban agriculture in Buffalo, New 
York using systems models (Metcalf & Widener, 2011).  They observed three possible 
scenarios of urban stewardship of vacant lots: 
Scenario A: Status Quo – vegetation, where present, results from neglect 
and disinvestment rather than intent.  
 
Scenario B: Gentrification – city encourages conversion of vacant lots to 
urban agriculture in the form of market farms and community gardens to 
beautify neighborhoods and attract capital investment. 
 
Scenario C: Sustainable Agriculture, IMBY (In My Backyard) - diffusion 
of best practices among engaged citizens and organizations. (Metcalf & 
Widener, 2011, p. 1248) 
 
Scenario C involves the best combination of activities for promoting 
environmental and community sustainability.  
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The chart below illustrates the causal and inverse relationships created by the use 
of vacant lots for urban agriculture in Buffalo.  It can certainly also be applied to other 
cities with abundant vacant lots and abandoned property.  It shows, for instance, how 
individual food choices affect three dimensions of sustainability: reducing the urban 
ecological “foodprint”, improving public health and supporting the local economy, the 
combined affect being increased community resilience.  
 
 
Figure 2: Impacts of Land-Use Change and Local Food Choice.  Credit: Metcalf & Widener, 2011 
 
Smit and Nasr suggest a three-pronged relationship between urban agriculture and 
resources: (1) recycling of urban by-products, (2) utilizing idle areas of land (and water) 
in cities and (3) energy efficiency (Smit & Nasr, 1992).  Utilization of vacant lots and 
rooftops for UA is typically thought of as falling under the second prong.  However, as 
rooftops gardens can increase energy efficiency of buildings and reduce the urban heat 
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island effect, it can also fall under the third prong.  In addition, the use of compost and 
excess stormwater in UA contributes to recycling of urban byproducts, thus 
accomplishing the first prong as well. 
C. Reducing Stormwater Runoff 
 
Urban stormwater runoff is one of the largest water quality issues faced by 
modern cities.  It poses health concerns, leads to increased flooding, streambank erosion, 
and degradation of aquatic habitat (U.S. EPA, 2003).  As a result of climate change, 
heavy precipitation is likely to increase, putting additional pressure on aging urban 
infrastructure (American Water Works Association, 1997).  The federal Clean Water Act 
of 1972 provided a basic framework for the regulation of pollutant discharges with the 
intent of protecting water quality and human health (U.S. EPA, 2012).  To further the 
protective benefits of the Clean Water Act, the EPA established its Combined Sewer 
Overflow (CSO) Control Policy in 1994 (U.S. EPA, 2012).  Therefore, many cities, 
including Philadelphia, have begun to implement “green infrastructure” measures to help 
mitigate this problem as an alternative to extremely expensive water main upgrade 
projects.  Green infrastructure is defined as the management of runoff at the local level 
through the use of natural systems, or engineered systems that act as natural systems to 
treat or retain polluted runoff.  Green infrastructure measures decrease the amount of 
pollutants and runoff entering the waterways and relieve the strain on wastewater 
infrastructure.  Runoff is so high in urban areas because of the density of the built 
environment and the resulting lack of infiltration into soils.  Urban areas, including 
vacant lots typically have highly compacted soil, which further reduces rainwater 
infiltration.  Approximately 60% of the soil on vacant land is impervious (Ackerman, et 
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al., 2011).  
(1) Stormwater in Philadelphia 
  
The Philadelphia Water Department (PWD)’s Office of Watersheds has been 
pursuing improvement of the city’s watersheds for many years.  However, with the 
impetus of the April 2009 Greenworks Plan and the EPA’s March 2009 Urban Waters 
Initiative, in September 2009 the PWD introduced the Green City, Clean Waters plan.  
With Green City, Clean Waters, PWD’s water quality improvement goals have been 
placed into the larger context of sustainability and have broadened beyond reducing CS 
overflows to providing a range of benefits to the urban environment.  Its decentralized 
approach for water quality improvement, which will be implemented over a 25 year time 
period, is the first of its kind in the country.  The PWD will be investing $1.67 billion in 
green stormwater infrastructure projects throughout the city during this time 
(Philadelphia Water Department, 2011).  It will implement these projects through a 
variety of programs, such as Green Streets, Green Schools, and Green Open Space.  The 
majority of these projects involve the installation of green infrastructure measures, 
including rain gardens, stormwater planters, green roofs, and porous pavement.  The 
PWD uses a metric known as Greened Acres to describe the potential or actual benefit of 
a green stormwater infrastructure measure.  A Greened Acre is defined as an acre of 
impervious cover reconfigured to utilize green stormwater infrastructure to manage the 
first inch of stormwater runoff from that acre (Philadelphia Water Department, 2011). 
Target 8 of Greenworks deals with stormwater management.  Within this section, 
vacant lots are considered for their potential transformation into green infrastructure to 
help mitigate excess runoff.  The following question is put forward: 
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Although the City’s goal is to sell back to the private sector most of the 
vacant parcels it owns, maintaining some lots as open and green space 
would have tremendous stormwater management benefit and would 
improve the health of many neighborhoods that currently lack public 
greened spaces. But how can the value of maintaining this “green 
infrastructure” be captured? Who would own and maintain these spaces? 
(City of Philadelphia Office of Sustainability, 2009) p. 45 
 
In an attempt to answer this question, I would like to propose that urban farming 
can provide similar, if not superior, 
stormwater management benefits to 
traditional grass-covered green space. It 
is a wasted resource in Philadelphia's 
stormwater management toolkit.  If 
properly managed and maintained, UA 
in the form of community gardens and 
urban farms should be a useful best 
management practice for increasing the 
number of Greened Acres in the city.  
In addition to vacant lots, using non-
productive spaces such as rooftops for 
urban agriculture may also provide 
stormwater management benefits. 
1. Soil Quality and Infiltration in Vacant Lots 
 
Urban soils are known for their poor quality, which results from the stresses of 
development.  They are typically highly compacted, have an alkaline pH, and often lack 
nutrients and organic matter, hindering plant root growth (Loper, Shober, Wiese, Denny, 
Figure 3: Community Gardens and Vacancy Rates in Philadelphia; 
Credit: Levy, 2009 
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& Stanley, 2010).   Often, soil quality in vacant lots is so poor with a lack of organic 
matter that almost nothing will grow naturally on them.  This was well demonstrated by a 
vacant lot greening project by the Cleveland Botanical Gardens that involved the testing 
of no-mow grass seed mixtures (Goldstein, 2009).  The seed was distributed on the lots at 
the outset of the project, and after three years later they still only had 40-60 percent grass 
coverage, with heavy weed growth.  Vacant lots often contain concrete remnants of 
former building foundations, as well as debris from illegal dumping, which prevents 
natural vegetative growth and hinders stormwater infiltration.  However, properly 
cleaning them up for greening purposes, including urban agriculture, can provide 
opportunities for environmental and community improvement.   
In addition to vacant lots and rooftops, brownfields are another type of 
underutilized urban space that should be frequently assessed as a possible location for 
UA.  These abandoned former industrial sites are generally sizable in area, which can be 
a major drain on urban economies.  They often sit idle for decades with little interest put 
forward by developers.  While these sites may contain some level of soil contamination, 
there are various methods of dealing with this issue, such as compost remediation or the 
use of raised beds.  For more heavily contaminated sites, non-food crops can be planted 
with the dual benefit of phytoremediation. 
According to a study by J.L. Yang and G.L. Zhang of the Chinese Academy of 
Sciences, soil compaction is the most serious form of physical degradation in urban areas.  
This means that even though they are left “wild”, vacant lots do not serve as effective, 
natural zones for stormwater infiltration (Yang & Zhang, 2011).  Instead, their soil is 
mostly impervious, which means they add to urban stormwater runoff and flooding 
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challenges.  Some of the reasons for this compaction are the quantity of soil that is 
covered by physical structures, removal of surface soils causing exposure of subsurface 
soils with less infiltration capability, importing and poor placement of soils to 
construction sites, and overuse of grassy areas in parks, fields, etc. by people and vehicles 
(Pitt, Chen, Clark, Swenson, & Ong, 2008).  Yang and Zhang's study recommends 
loosening the soil, amending it with organic materials and adding burrowing organisms 
such as earthworms as methods of improving urban soil and increasing infiltration 
(2011).   
Yang and Zhang stated that, “In the city areas, soil loses almost all of its inherent 
physical and chemical abilities to filter, absorb, and purify water.” (Yang & Zhang, 2011).  
Decreased porosity in urban soils leads to poor penetrability and decreased saturated 
hydraulic conductivity; thus, compacted soil layers prevent water from penetrating into 
the ground” (Yang & Zhang, 2011).  By adding organic materials for urban agriculture to 
promote productivity, porosity and soil quality are improved.  This can increase 
infiltration and promote replenishment of groundwater aquifers. (Beniston & Lal, 2012) 
(Pit, et al., 1999).  Some agricultural farming practices have proven highly beneficial in 
quickly restoring positive soil characteristics.  In a recent study, adding compost made 
from dairy manure solids and tilling soil twice resulted in “significantly reduced soil 
density and pH and increased soil organic matter, electrical conductivity, and 
concentrations of phosphorus and potassium…In most instances, plant tissue nitrogen 
and phosphorus concentrations were higher for plants grown in soils receiving compost,” 
(Loper, Shober, Wiese, Denny, & Stanley, 2010). 
An EPA research report examined infiltration and vegetative growth on urban 
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soils, comparing growth of vegetation on plots of soil amended versus those not amended 
with compost (Pit, et al., 1999).  They observed a “substantial difference in the 
appearance of amended and unamended plots”, with the amended plots requiring no 
fertilization.  Unlike the unamended ones, these plots also attracted geese, which 
provided natural fertilizer.  The addition of compost indicated many changes in the 
hydraulic characteristics of the urban soil, including its “water holding capacity, porosity, 
bulk density, and structure, as well as increasing soil C and N”.  The results of this study 
indicated an increase in infiltration by 1.5 to 10.5 times on compost amended plots (1999).   
The authors also referred to a similar older study (Harrison et al., 1997) in which the 
addition of compost doubled the infiltration rate.  In both studies, peak flows decreased 
significantly, reducing the rate of runoff from “all but the most severe rain events”.  The EPA 
researchers concluded that amending a significant percentage of disturbed glacial till soils 
could provide significant benefits for urban watershed hydrology.  One drawback noted was 
an increased concentration of certain nutrients in the surface runoff that did occur.  
Collection of compost for reuse in urban agriculture contributes to the 
achievement of a very basic closed loop system, which can help to reduce the urban 
waste stream.  It rapidly regenerates nutrients within the system, instead of consuming 
scarce abiotic resources.  In Natural Capitalism, the authors state, 
Because farms are (or used to be) natural systems, they offer major 
opportunities to combine the resource-productivity first principle of 
natural capitalism with the loop-closing second principle.  Loop closing 
design-integration strategies are the agricultural equivalent of industrial 
ecology or of a natural food web.  The best of these systems reuse waste in 
closed loops to improve the efficiency and resilience of the entire 
operation.  (Hawken, Lovins, & Lovins, 1999) p. 201 
 
Soils in community gardens and urban farms are not only kept porous by the 
addition of compost, but by the tilling of the soil, the growth of plant roots and movement 
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of organisms such as earthworms in the soil.  Unlike in rural agriculture, soil is not 
compressed by the use of heavy machines or large working animals. Ground that is not 
used for growing food crops is not left bare, but often planted with flowers or covered by 
mulch (Levy, 2009). 
2. Stormwater Diversion through Rainwater Capture 
 
According to Smit and Lovell, excess rainwater can be captured and used for 
irrigation of urban farms and gardens (Lovell, 2010) (Smit & Nasr, 1992).  A standard 
roof with a 1,000 square foot catchment area generates 6,000 gallons of rainwater from 
10 inches of rain. (How Much Water Can You Collect in Rain Barrels During a Rainfall)  
Diverting this rainwater into a rain barrel is an easy way for urban (and suburban) home 
gardeners to contribute to stormwater management, and provides them with a free source 
of water for garden maintenance.  An average rain barrel can hold about 55 gallons of 
water.  It is important that homeowners empty the barrels between storms so that the 
space is available for the next time it rains.  There is also the option of installing multiple 
rain barrels in a “daisy-chain” fashion, to allow saving of larger amounts of water over 
multiple rain events or from a larger roof.  This could be a more viable option for larger 
community gardens and urban farms.   
The next step up, if a higher volume of water storage is desired, would be to 
install a cistern.  Cisterns are essentially large round tanks, made of various materials, 
used as a water storage vessel.  They are available in a range of sizes to suit urban 
farmers’ needs, from a few hundred to over 10,000 gallons, and larger ones are 
sometimes placed underground.   
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3. Vegetative Stormwater Absorption 
 
The environmental benefits of additional green spaces in an urban environment 
are already relatively well understood.  In Philadelphia, organizations such as the 
Pennsylvania Horticultural Society have made significant efforts and investments into 
greening vacant lots, and the city leadership has launched initiatives to expand the urban 
tree cover by planting 300,000 trees by 2015 as part of its Greenworks Plan (City of 
Philadelphia Office of Sustainability, 2009).  In one Philadelphia-based study, the authors 
posited that if stormwater runoff from vacant lots and adjacent lots could be detained on 
vacant lots, it could reduce pressure on the City's CS systems and improve water quality 
in Philadelphia's rivers (Yang & Myers, 2007).  In their study, vacant lots were cleared of 
debris and weeds and grass was planted as ground cover.  This resulted in a 30 percent 
reduction of stormwater runoff on average and 24 percent peak runoff reduction.  This is 
clearly a positive environmental impact on top of the known benefits of improving 
aesthetics and reducing crime.  However, these kinds of greening projects require 
substantial financial investment, as well as regular maintenance by the city or non-profits, 
and do not offer the full wealth of additional benefits provided by UA. 
There already exists a solid body of literature indicating the stormwater 
management benefits of traditional green roofs and other green spaces such as parks and 
urban forests.  For example, in a long term study of three green roofs in Portland, Oregon, 
year-round performance yielded overall reduction of stormwater discharge between 12–
25% (Spolak, 2008).  However, by utilizing some of this rooftop space and unoccupied 
urban land for urban agriculture, significant stormwater diversion may also be feasible.  
In fact, rooftop gardens may offer certain substantial benefits as compared to traditional 
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green roof vegetation.  Unfortunately, there are a limited number of studies examining 
infiltration on rooftop gardens, and in community gardens/urban farms.   
Green roofs are classified as one of two types: extensive or intensive.  Extensive 
green roofs tend to be shallower and cheaper to build and maintain; they are lower 
maintenance because they are planted with drought resistant crops, mainly sedums.  They 
are often inaccessible to the public.  Intensive green roofs typically have deeper soils and 
are planted with a more diverse range of species, including grasses, flowering plants and 
even trees.  They do require regular maintenance and possibly irrigation.  Rooftop 
gardens (RTGs) would be classified in this category.  According to the NRDC, “intensive 
green roofs typically perform as well as, or better than, extensive green roofs in terms of 
stormwater runoff retention, urban heat island reduction, and air-conditioning energy 
savings” (Kloss & Calarusse, 2006).  Unfortunately, the concerns of structural support, 
investment, maintenance, and irrigation have thus far acted as barriers preventing more 
frequent consideration of this option.   
In rooftop gardens versus extensive green roofs, the deeper soil should allow for a 
greater stormwater retention capacity (Ackerman, et al., 2011).  A green roof with a three 
to four inch layer of soil can absorb between one-half to one inch of rainfall from a single 
storm event (Kloss & Calarusse, 2006).  A concern for possible optimal soil depth for 
retention has been expressed in some studies of traditional (non-RTG) green roofs.  
However, this may be offset by deeper plant roots which would transpire water from the 
bottom of the soil.  In-ground community gardens should have an even greater infiltration 
capacity than RTGs, since with proper porosity the water may be absorbed all the way 
through the soil strata to the groundwater aquifers. 
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Extensive green roofs typically use one or more types of sedum, which is a 
relatively small and short, succulent-leaved, moss-like stonecrop. The advantage of 
sedum is that it is very low maintenance and usually does not require irrigation during 
dryer weather.  However, a 2008 paper based on two studies at the University of Sheffield 
pointed out that little of the published work on green roofs analyzed differences in 
vegetation characteristics in reducing runoff (Dunnett, Nagase, Booth, & Grime, 2008).  
As the researchers pointed out, hydrological performance can be affected by vegetation in 
a variety of ways, from “interception and evaporation of rainfall by the vegetation canopy 
and plant surfaces to uptake and storage in plant tissues and through transpiration of the 
water from the plant back to the atmosphere”.  The studies compared runoff rates from 
different species of forbs, sedums and grasses.  Forbs are a category of herbaceous, 
flowering plant, commonly found in meadows and 
grasslands.   
Both studies indicated a higher volume of runoff 
from sedum species than from forbs.  In the second 
study, there was a large difference between the various 
types of vegetation and the quantity of runoff.  Sedums 
were shown to be the least effective at runoff reduction, 
with grasses absorbing the most and forbs also 
absorbing substantial amount.  Smaller amounts of 
runoff were associated with species having a greater 
height and diameter.  The results also suggested that 
“plant structure, such as size, leaf size and angle of branch would be more important for 
Figure 4: Plant-Water Relationship.  Credit: 
http://chubeza.com/ 
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capture of water rather than how much they grow” (2008).  It can therefore be theorized 
that since most plants used in UA are much larger with broader leaf sizes than sedum 
species, there would be a strong advantage to UA on vegetated roofs as an alternative to 
largely non-native sedums.  This would hold true for the growing season, whereas during 
the winter, the sedum-planted extensive roof would potentially surpass the rooftop garden 
in infiltration capacity (Ackerman, et al., 2011). 
  A recent study in Pittsburgh, PA looked at the potential for urban rooftop gardens 
to absorb runoff, reduce local CO2 levels, and produce vegetables for a restaurant 
(Barreiro, 2012).  The results of the study showed that RTGs are able to absorb a similar 
amount of precipitation to standard green roofs.  The square footage of the garden was 
238 ft
2
, 14 percent (approx. 33 ft
2
) of which was covered with vegetated boxes.  The 
vegetated boxes absorbed 54.12 out of 55 gallons of rainwater that fell within them, 
which is a rate of 96 percent.  Barreiro plotted the absorption against the normal annual 
precipitation values from the National Oceanic and Atmospheric Association (NOAA) for 
Pittsburgh, PA for larger vegetated roof areas from 100 to 1000 square feet, assuming the 
same absorption rate.  The graph from Barreiro’s (2012) study below shows clear 
beneficial impacts, with about 22,500 gallons of rainwater absorbed annually by the 
theoretical 1,000 square foot RTG. 
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Figure 5: Stormwater Infiltration on RTG; Credit: Barreiro, 2012 
Existing community gardens in Philadelphia are having a positive impact on 
stormwater management (Levy, 2009).  A study by Kevin Levy of the University of 
Pennsylvania analyzed this benefit in detail.  Levy used the Rational Method to estimate 
peak runoff rates on three land types in Philadelphia: vacant, community garden and 
developed.  He determined that community gardens do in fact have the lowest runoff rate 
at 18.3 cubic feet per second (cfs), as compared with vacant land at 21.8 cfs or housing 
development properties at 74-90 cfs, thereby having a beneficial effect on reducing 
CSOs.  
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Figure 6: Peak Runoff Rates for different Philadelphia Land Uses.  Credit: Levy 2009 
  
Cleaning vacant lots and planting grass, as has been done by the Philadelphia 
Horticultural Society, is certainly beneficial.  However, by reviewing these studies and 
incorporating an understanding of urban hydrology, it becomes clear that urban farming 
may provide an even greater method of stormwater runoff mitigation than grass alone.    
Research is also currently underway to analyze the stormwater infiltration benefits 
of rooftop gardens at the New York City Grange Project in Brooklyn, NY.  “Seeing 
Green” is a one year study on a very large, one acre rooftop.  It is one of the first large 
scale studies to analyze the stormwater management benefits of rooftop gardens (Urban 
Omnibus, 2012).  However, since the study has not yet been completed, no results are 
available.  The Grange Project has recently achieved a notable success in having acquired 
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close to $600,000 in grant monies from the New York City Department of Environmental 
Protection to develop a 45,000 square foot commercial urban farm in the Brooklyn Navy 
Yard (Kusnetz, 2012) (DEP Awards $3.8 Million in Grants for Community-Based Green 
Infrastructure Program Projects, 2011).  It is one of three urban agriculture projects the 
NYC DEP has chosen to support as opportunities to promote green infrastructure for 
stormwater CSO reduction.  The project at Building No. 3 in the Navy Yard is expected 
to divert over one million gallons of stormwater per year, which will be a major relief on 
the Red Hook Wastewater Pollution Control Plant, which serves 32,000 acres of 
Northwest Brooklyn.     
4. Stormwater Benefits Calculations 
 
I performed two calculations to help determine the stormwater reduction benefits 
of community gardens. The first deals with the contribution of vacant lot conversion to 
the creation of greened acres.  I sought to create a metric to determine the number of 
vacant properties that would be required to be converted to urban agricultural use in order 
to make a specific contribution (100 Greened Acres) to Philadelphia’s stormwater 
management plan.  For example, x vacant lots converted would yield y amount of benefit, 
in terms of diversion of stormwater runoff. 
The second is the difference in total runoff between the vacant lots in their current 
state and the amount of runoff if all of the lots were converted to community gardens.  
 For the first calculation, the first step was to determine the runoff from blighted, 
vacant land as well as urban farms.   The runoff coefficient is a good measure of this 
characteristic.  The runoff coefficient for cultivated land (urban farms) is .08.  Finding the 
runoff coefficient for vacant lots is more difficult; an official one is not readily available.  
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In order to calculate a suitable runoff coefficient for vacant land, I averaged Kevin Levy's 
(2009) coefficients for lawns and asphalt, which results in a coefficient of .55.  The 
reason I took an average of the two numbers is that his use of the coefficient for 
lawns/flat land did not seem sufficient to represent the actual runoff from vacant land. 
The compacted soil on vacant lots may be partially covered by asphalt and/or concrete 
other impermeable materials.  The coefficient of an impervious acre is either .95 (asphalt) 
or 1.0 (rooftop).  So, there is a difference in the runoff coefficient of .47.  Since this is 
about half of the runoff coefficient of the impervious acre, it would take about twice the 
amount of land to manage the runoff from one acre of impervious land.  This means that 
it would take about 2 acres of urban farms converted from vacant lots to manage the first 
inch of stormwater runoff from 1 acre of impervious land in the city.    
Since there are at least 40,000 vacant lots in Philadelphia, even assuming that a 
number of the lots will be purchased by developers and built on, there is abundant land 
available for conversion to community gardens.  A medium-sized lot is about 1,000 
square feet which is about .023 acres.  So, one acre accounts for about 44 residential lots 
(possible ½ Greened Acre). Therefore, if the City of Philadelphia converts 2,200 vacant 
lots (25 Greened Acres) per year for 4 years, they should successfully add 100 Greened 
Acres within only 4 years.  This would provide a vital contribution to the city’s 
Greenworks and the Water Department's Green City Clean Water stormwater 
management goals.  Of course, it should be emphasized that stormwater capture, either by 
rain barrel or cistern, should be placed adjacent to community gardens in order to achieve 
the full water quality benefit.  This would minimize the amount of drinking water 
required for irrigation.   
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For the second calculation, I analyzed the surface water runoff.   There are about 
40,000 vacant lots, but about 10,000 of these are city owned. I calculated the total runoff 
for both the city owned unmanaged vacant lots and for these same vacant lots if they are 
converted to community gardens. While it is my hope that some of the privately owned 
vacant lots will be used for urban agriculture, since the following calculation only takes 
into account the lots that are directly owned by the city, the potential impact could be 
significantly higher.  I used the following calculation to determine total runoff: 
 
Average rainfall (inches) x area (total acres) x runoff coefficient (c) = Total Runoff 
Average rainfall Philadelphia = 42.05 inches 
Total acres = 460 acres 
C (vacant) = .55 
C (community garden) = .08 
42.05 inches = 3.5 ft 
460 acres = 20,037,600 ft
2
 
Vacant Lots 
3.5 ft./yr. x 20,037,600 sq. ft. x .55 = 38,572,380 ft.
3
/yr. 
Community Gardens 
3.5 ft./yr. x 20,037,600 sq. ft. x .08 = 5,610,528 ft.
3
/yr. 
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D. The Urban Heat Island Effect and Air Quality 
 
1. Cooling the Urban Heat Island 
 
As early as two centuries ago, scientists observed that cities tended to be warmer 
than their surrounding areas.  The term “urban heat island” was eventually coined in 1958 
by Gordon Manley (Gomez, Gaja, & Reig, 1997).  The urban heat island (UHI) effect 
was officially documented in a statistical study of air temperatures conducted in the early 
1960’s, and it has been visually observed in numerous satellite images taken in more 
recent years (Urban Heat Island), such as NASA’s Landsat Enhanced Thematic Mapper. 
The UHI effect causes cities to have daytime surface temperatures up to 10 
degrees higher than the suburban and rural areas around them (Urban Heat Island) 
(Voiland, 2010).  This phenomenon occurs as a result of cross-regional differences in 
energy gains and losses.  Cities become UHIs for a variety of reasons:  1) Solid surfaces 
such as buildings and pavement absorb solar input during the day, whereas in a rural area 
shortly after radiation is absorbed near the ground, it evaporates off of the soil and 
vegetation.  This is known as evaporative cooling.  2) Evaporative cooling in cities is 
further reduced by increased runoff that has occurred due to the large number of 
impervious surfaces. 3) Up to an additional third of amount of solar heat received by a 
city is added as waste heat generated by vehicles and buildings. 4)  Asphalt streets, 
buildings and their dark rooftops, and other hard surfaces in urban areas conduct heat 
more efficiently than vegetation, promoting warmer air temperatures.  5) Solar energy is 
trapped in downtown areas due to building reflections and absorption of infrared heat 
caused by the canyon-like surface formed by the tall buildings.  This heat is trapped 
during the day and re-radiated above urban areas at night, creating a bubble of air 2-5 
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degrees warmer than surrounding areas (Carlowicz, 2009).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Surface Temperature Differentials due to the Urban Heat Island Effect.  Credit: EPA  
 
The UHI effect does not occur in all cities.  Factors contributing to the level of 
urban heat island effect are the ecological context (whether the city is located within a 
forested or desert region), the city’s size (both area and population size), its’ shape, and 
its’ development patterns (Voiland, 2010). 
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Philadelphia is one of the cities most affected by the UHI effect, amongst 42 
northeastern cities analyzed in a NASA study (Voiland, 2010).  Not only does the urban 
heat island effect cause substantial discomfort for residents and visitors, it can lead to 
dangerously high temperatures, and is often exacerbated during heat waves, which can 
endanger the elderly and individuals with respiratory and cardiovascular conditions 
(Voiland, 2010).  According to the CDCP, excessive heat exposure contributed to over 
8,000 premature deaths from 1979-2003 (CDC, 2012).  Hurricanes, lightning, tornadoes, 
floods, and earthquakes combined caused fewer mortalities (Heat Island Impacts, 2012).  
Higher temperatures also lead to increased energy consumption due to greater use of air 
conditioning.  In addition, climate change is expected to worsen heat waves.  Stuart 
Gaffin of the Earth Institute at Columbia University poses the following, “So we have 
two forces—urban heat islands and global warming—that are reinforcing each other and 
are going to create hot, hot conditions for more than half the world’s population,” Gaffin 
explains. “How do we make cities more habitable in the future?” (Scott, 2006).   
Adding green space in a variety of forms is probably the best way to address these 
concerns.  In a study performed at the University of Manchester, scientists calculated that 
a 10% increase in the amount of green space in cities can help to reduce surface 
Figure 8:  Satellite produced map of Providence, Rhode Island showing the effect of development on the urban heat island effect.  Credit: NASA/Earth 
Observatory 
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temperatures in urban environments by up to 4º C (Gill, Handley, Ennos, & Pauleit).  A 
study analyzing temperature reduction in New York City showed that a combination of 
adding urban forests and white roofs could reduce overall daytime temperatures by 1.2°, 
and by 1.6° around the peak temperature time of 3 pm (Scott, 2006).    The value of green 
space in dense cities like NY is also clearly demonstrated by the fact that daytime 
temperatures in Central Park average 9-18° F cooler than in the city outside the park 
(Christopherson, 2009).  Similarly, a temperature differential of 3° was observed between 
the Bois de Boulogne Park in Paris and surrounding urban areas (Makhelouf, 2009).  
Adding green space, including community and rooftop gardens, will not only make city 
climates safer and more comfortable, it will also reduce electricity consumption.  Air 
conditioning currently accounts for approximately 20% of residential annual electricity 
use (Cox, 2012).  
 
  Figure 9: Residential Electricity Consumption by End Use in U.S.  Credit: Energy Information Administration, 2005 
Ameliorating the urban heat island effect by even one degree would substantially 
reduce the amount of electricity going towards running air conditioners, cutting urban 
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energy consumption during the summer.  According to Gaffin,  
These temperature reductions might not sound like much, but they can 
actually have a big impact. Power usage, Gaffin explains, is very sensitive 
to even slight variations in temperature. “If you’re near the maximum 
power availability of your grid, which is often the case in these summer 
heat waves, each degree can make a significant difference in overloading 
the grid and leading to a blackout (NASA).   
 
Green roofs and facades have been shown in a number of studies to help mitigate 
excess urban heat.  Vegetation on green roofs reduces roof membrane temperatures by 
creating shade, insulation, and through evaporation and evapotranspiration, the process 
by which plants take in water through their root systems and release it through their 
leaves (Peck & Richie, 2009).  A study by Liu compared roof temperatures of green roofs 
versus unvegetated roofs.  In the summer, the green roof had a roof temperature of 30°C 
versus 70°C for the unvegetated roof (Liu, 2004).  There was also a 95% reduction in 
annual heat gain (2004).  Similar results were observed in a Penn State study; average 
daytime membrane temperatures in the month of July were 34° cooler, with temperatures 
up to 72° cooler than the control on a particularly hot summer day (Rosenzweig, Gaffin, 
& Parshall, 2006).  In a Vancouver, British Columbia based study, adding green roofs and 
facades reduced total energy used for cooling by 100%, meaning a 9% reduction of the 
building’s total energy demand (Roehr & Laurenz, 2008).  Despite the fact that there are a 
few significant differences between the climate of Vancouver and type of green space 
discussed in that study, some relevant conclusions are able to be drawn about the cooling 
benefits of increased vegetation on an urban area. 
Based on various characteristics of the different types of green roofs, rooftop 
gardens should have a greater cooling/energy saving effect as compared to extensive 
roofs.  These features include greater shading capacity due to taller plants; a deeper soil 
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medium, which provides more insulation, even in the winter; more efficient 
evapotranspiration abilities; and more of a requirement for regular watering (Rosenzweig, 
C., Solecki, & Slosberg, 2006).  Food crops are superior to sedums as far as 
evapotranspiration because sedums belong to a group of plants known as CAM 
(crassulacean acid metabolism), which evolved to only open their stomata at night, an 
adaptation to harsh desert environments which reduces water loss from 
evapotranspiration. This results in a reduction of their cooling effect during the daytime 
(Ackerman, et al., 2011).   
Community gardens can also play a large role in urban cooling.  In fact, some data 
indicates ground level planting can have a greater cooling effect than green roofs 
(Ackerman, et al., 2011).  However, the effect of ground level food crops versus 
traditional ground cover has not been studied, and more research is necessary to evaluate 
the differences between different kinds of food crops and traditional grasses.  It would 
seem that the wider leaves and denser cover of food crops should have a greater benefit, 
but the loss of evapotranspiration from paths between crop rows is potentially a factor 
that would decrease the benefit.  Regardless, the difference between food crops and 
grasses is small when compared to vacant lots with compacted soil, limited vegetation 
and scattered debris, and therefore, community garden plants should provide a positive 
contribution to urban cooling. 
2. Improving Air Quality with UA 
 
Cities have notoriously poor air quality due to their large amount of vehicle and 
industrial emissions.  Carbon monoxide, nitrogen oxides (NOx), sulfur oxides (SOx), 
CO2, particulates, ozone, and VOCs are often measured at dangerous levels.  The urban 
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layout in many cities also causes the formation of dust domes containing a variety of 
these airborne pollutants (Christopherson, 2009).   Urban areas in North America often 
have nitrogen dioxide levels which are 10-100 times higher than that of non-urban areas, 
mostly resulting from vehicle exhaust.  Condensation nuclei and particulates are found at 
levels 10 times higher than rural environments and gaseous admixtures at 5-25 times the 
rural levels (Christopherson, 2009).  This is a leading cause of many health issues for 
urban residents, especially children; air pollution accounts for approximately 2% of 
annual deaths in the U.S. (Christopherson, 2009).  
The urban heat island effect also leads to the concentration and exacerbation of air 
contamination.  Energy-related emissions as a response to high temperature levels 
account for a large portion of this increase. In addition, ground-level ozone levels are 
directly increased by warmer air.  This surface ozone is formed when VOCs and NOx 
react due when they come into contact with heat and sunlight.  Ozone exposure can cause 
a number of respiratory ailments, from irritation of the lungs and throat to lung 
inflammation, wheezing and difficulty breathing, and can worsen existing cases of 
bronchitis, emphysema and asthma (Yip, Pearcy, Garbe, & Truman, 2011).  In 2010, 
Philadelphia (and the surrounding counties) exceeded the EPA standard for ozone (0.075 
ppm as an 8 hour average) nineteen times (Philadelphia's Air Quality Report, 2010). 
In addition to providing cooling benefits, green spaces such as rooftop gardens 
can help reduce levels of air contaminants through their dry deposition and microclimate 
effects (Yang, et al. 2008 as cited in (Barreiro, 2012)).  In dry deposition, vegetation 
filters the air by capturing particulate matter.  Leaf surfaces on these greened areas act as 
natural sinks for common contaminants (Barreiro, 2012).  Through this decrease in 
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temperature, ozone levels may be reduced by the slowing of photochemical reactions.  
Plant photosynthesis contributes to mitigation of urban CO2.  Since rooftop gardens 
generally have taller plants with larger leaf sizes, they may provide significant ozone and 
air pollutant mitigation benefits even beyond traditional green roofs.   
In order to get a sense of the quantity of air pollution removal benefits of urban 
agriculture, some comparisons must be drawn to other types of urban green spaces.  As 
numerous studies have shown, trees are very effective at reducing urban air pollution.  
Approximately 711,000 metric tons of air pollution is removed annually by urban trees 
(Nowak et al., 2006 as cited in (Yang, Yu, & Gong, 2008)).  However, in densely 
populated urban areas, it is not always possible to plant enough trees to mitigate a 
significant amount of air pollution.  Contaminant removal by traditional green roofs has 
also been evaluated and should be considered.  Levels of acidic gaseous chemicals and 
particulate matter decreased by 37 and 6%, respectively, on a 4,000 m
2
 green roof built in 
Singapore (Tan & Sia, 2005, as cited in (Yang, Yu, & Gong, 2008)).  Similarly, a Toronto 
study estimated that 7.87 metric tons of air pollutants per year could be removed by 109 
ha of green roofs (Currie and Bass, 2005, as cited in (Yang, Yu, & Gong, 2008)).  Yang et 
al. reviewed these prior studies while devising their research.  Their study involved 
analyzing the pollution removing abilities of intensive green roofs in Chicago.  They 
found that as many as 2,046.89 metric tons of air pollutants would be removed if the 
intensive green roofs were planted on Chicago’s remaining green roofs.  It can be 
extrapolated that rooftop gardens would have a similar air pollution removal effect as that 
of non-agricultural green roofs, though further research is needed to accurately quantify 
the comparative benefit.   
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As a result of increasing knowledge of the benefits of green space on air quality, 
many cities are pursuing greening projects aimed towards improving their air quality and 
helping to reduce the urban heat island effect.  Urban agriculture in the form of rooftop 
and community gardens/urban farms offers an alternative form of green space that can be 
incorporated into urban design to help to address the issues of excess urban heat and poor 
air quality.  Also, utilizing urban agriculture in the form of community gardens for air 
quality improvement may be a superior alternative to more expensive greening projects, 
including rooftop gardens, since they would be comparatively less expensive. 
E. Growing Biodiversity 
 
 79% of the total population of the U.S. resides in its urban land, which only makes up 
about 2.6% of the total land area (Lubowski et al., 2006, as cited in (Matteson K. C., 2007)).  
In the highly developed environment of cities, there is less room and less opportunity for a 
diverse range of species to thrive.  In fact, urbanization is considered one of the leading 
causes of species endangerment due to the large range of environmental alterations, resulting 
in habitat fragmentation, modifications of light and moisture systems and a large number of 
invasive species (Rebele 1994, Niemela et al. 2002, Connor et al. 2003, McDonnell and 
Pickett 1990, Czech et al., 2000, as cited in (Matteson K. C., 2007)).  Increasing biodiversity 
of species in cities can be beneficial for local and regional ecosystems as well as human 
health.  Biodiversity in urban areas raises quality of life – improving ecosystem services such 
as clean air and water and fertile soil. 
 As one form of urban agriculture, green roofs appear to be a significant contributor to 
urban biodiversity.  Extensive green rooftops, which are often preferred to more complex 
intensive roof gardens due to ease of maintenance, typically contain close to a monoculture 
of Sedum plantings, and yet they even they can provide habitat for wildlife.  In general, 
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however, the greater the number of species planted on a green roof, the more biodiversity that 
is promoted.  A number of studies in various countries have indicated the presence of avian 
and invertebrate communities on different types of green roofs.  A wide range of insects, 
including beetles, ants, bugs, flies, bees, spiders and leaf-hoppers are commonly found on 
green roofs (Coffman and Davis 2005, as cited in (Oberndorfer, et al., 2007), and rare beetle 
and spider species have occasionally been documented (Brenneisen 2006 and Grant 2006, as 
cited in (Oberndorfer, et al., 2007)).  Plant species richness is positively correlated with a rich 
variety of beetle and spider species (Gedge and Kadas 2004, as cited in (Oberndorfer, et al., 
2007)).  In turn the success of these populations benefits other species, such as birds, 
increasing their numbers and types of species.   
A Fordham University study looked at the frequency of migratory birds landing on 
four green roofs and four traditional roofs passing through New York City on their southern 
route.  The green roofs appeared to be very effective at providing a stopping ground for the 
birds, with three to four times the avian traffic compared to the traditional roofs (Sassi, 
2011).  Threatened and endangered bird species may find suitable habitat on green roofs.  
Two endangered bird species, northern lapwings and little ringed plovers, have used flat, 
extensive green roofs in Switzerland for nesting and breeding (Baumann, 2006). 
Many of the pollinators that support native vegetation and common garden species 
originate in urban areas (St. Claire, et al., 2010).  Even in New York City, 220 individual bee 
species have been identified with the city limits, with 54 of these species being unique to 
New York City community gardens (Giles and Asher 2006 and Matteson et al. 2008, as cited 
in (Matteson & Langellotto, 2009).  Urban agriculture can often allow for greater levels of 
biodiversity than in similarly sized rural areas.  One NYC study which surveyed small 
community gardens ranging from 640 to 2188 m2, found that “florally rich community 
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gardens may be utilized by over 100 bumble bee workers, with a density of 8 bumble bees 
per 100 m2 of garden area”.  In comparison, grassland habitats in Sweden were found to have 
a mean density of less than 1 bumble bee per 100 m2 (Öckinger and Smith 2007). Similarly, 
relatively fewer bumble bees (4 to 5 per sampling date) were found in 400 m2 plots within 
agricultural fields in England, UK” (Carvell et al. 2004) (Matteson & Langellotto, 2009).   It 
is a symbiotic relationship between pollinators and a diverse range of urban floral vegetation, 
which allows for the perpetuation and enhancement of both populations.   Having a range of 
urban gardens, parks and green space were attributed in part to the success of butterfly and 
burnet moth species in grassland reserves in Prague, Czech Republic (Kadlec, Benes, Jarosik, 
& Konvicka, 2008).   
By ensuring that a portion of the green spaces in cities are utilized as community 
gardens or urban farms, biodiversity can be promoted within cities.  Lovell agrees, “Urban 
agriculture, like urban gardens, can also contribute to biodiversity conservation, particularly 
when native species are integrated into the system.” (Lovell, 2010) (Smit & Nasr, 1992).  As 
Garnett (1996) points out, urban food growers often cultivate varieties of fruits and 
vegetables which are no longer commercially available, sometimes referred to as heirloom 
varieties, which might otherwise cease to exist.  She also mentions that beehives in cities 
have been known to produce more honey, due to a higher density of flowers and trees.  In 
addition, organic farming attracts birds and other small wildlife as natural predators, creating 
corridors of biodiversity in cities (Garnett, 1996).  
F. Growing Locally – Many Positives 
1. Food Miles 
 
Historically, cities have not been places for agricultural production; that purpose 
is left to the countryside. Urban historian Arnold Toynbee’s definition of a city is even 
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based on a lack of ability to grow food, “A city is a human settlement whose inhabitants 
cannot produce, within the city limits, all of the food that they need for keeping them 
alive” (Toynbee, 1970: 8, as cited in (Pothukuchi & Kaufman, 1998)). In fact, over the 
centuries, food surpluses are often credited for enabling urban development, and 
increased ease of processing, transportation, and refrigeration during the Industrial 
Revolution led to an increased separation of cities from the land on which the food 
supporting them is grown. The results of the (worldwide) Census of 2010 indicate that 
more than half of the world population lives in urban environments.  In recent decades 
several more factors have contributed to the distancing of food production from the 
consumer, “The centralization of supermarket buying, the globalization and consolidation 
of the food industry, and the increased usage of regional distribution centers have all 
contributed to the escalation of (global, addition mine) food transportation over the past 
30 years,” (Finney 2006, as cited in (Pullman, 2010)). 
Despite the apparent “ease” of the current mainstream food distribution system, 
the distance and means by which a great majority of food travels to reach its point of 
consumption poses serious threats to the environment and human health in terms of fossil 
fuel emissions.  The “local food movement” has grown largely in response to the 
negative impact of long distance food distribution on the environment.  Long distance 
transportation of produce requires enormous amounts of fuel and is a source of CO2 
emissions which contribute to global climate change.  Conscious consumers are intent on 
not only on purchasing food that is organic, but that has traveled less “food miles”.  Food 
miles are a relative indicator of the amount of energy or fuel used to transport from farm 
to store, with lower food miles representing lower transportation fuel usage and cost.  As 
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a result, they often signify lower greenhouse gas emissions.   
A total of .16 metric tons of CO2 are emitted annually as a result of fruit and 
vegetable distribution (See figure 6).   This also accounts for the largest category of direct 
transport related CO2 emissions, at 50% of the total transportation requirements (Weber 
& Matthews, 2008) (Weber & Matthews, 2008).  A large portion of this transportation is 
made by truck (accounting for about .13 metric tons CO2), which is the mode responsible 
for the highest greenhouse gas emissions (71%) due to a relatively high GHG intensity 
and the long distances typically traveled (Weber & Matthews, 2008).  While distribution 
of carbohydrates initially accounts for a higher level of CO2 emissions per household 
(23%), when considering the fact that a higher percentage of produce is delivered by 
truck, the impact reaches the same level.  In order for food to be transported, it must also 
be specially packaged, which adds to the environmental burden as compared to locally 
grown food. 
 
Figure 6:CO2 Emission per Food Category and Transportation Method.  Credit: Weber & Matthews, 2008 
The difference in total emissions for a pound of beef from a farm outside the city 
and one that’s 3,000 miles away is only about 1% due to the relative intensity of other 
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inputs.  However, the difference between emissions to transport a locally grown tomato, 
such as from a community garden, and one that is shipped in from across the country can 
be as much as 50%.  While there are many other great reasons to support local farmers, 
this example illustrates the impact that can be made by growing and buying product 
locally. 
2. Food Waste  
 
Growing locally can also substantially help reduce food waste.  According to a 
UN report, “Global Food Losses and Food Waste in Western Countries”, approximately 
95-115 kg/year per capita is lost in food waste (Gustavsson & Cederberg, 2011).  In 
terms of the total percentage, about 30% of food, worth approximately $48.3, billion is 
discarded (Field to Fork, 2008).  10-15% percent of this loss takes place during 
processing, transport and storage (Field to Fork, 2008).  Distribution accounts for about 
10% of the loss for fruits and vegetables.  This is due mainly to food spoilage during 
transportation and rejection of produce by supermarkets due to high “appearance quality 
standards” (Gustavsson & Cederberg, 2011).  Non-uniformity and imperfection are the 
more likely causes of food loss in North America and Europe, whereas in Africa and 
Southeast Asia the majority of waste occurs as during transportation. According to an 
article based on the report (2011), appearance quality standards are, 
So stringent that carrots with even a slight bend (making peeling a touch 
harder) are discarded, and then pass through an ultraviolet light to 
eliminate those with even a slight blend of colors or a somewhat duller 
orange coloration. Supermarkets demand apples in exactly uniform sizes 
and shapes, refusing or not stocking those that muss the perfect fruit 
pyramid (Gilbert, 2011). 
 
Much of this waste could be eliminated by transitioning more of the urban food 
supply to locally produced fruits and vegetables.  Food waste due to rejection is less 
47 
 
likely with local produce because consumers are more aware that “prettier apples don’t 
equate to better quality” and the food is less likely to have been damaged in 
transportation.  When people grow their own food in a community garden, know the 
person who grew it, or know that it came from less than a few miles away, there is a 
much higher perceived value and it is less likely to be sorted into the trash or allowed to 
spoil.  They are more likely to welcome a diverse range of shapes, sizes, and colors of 
produce, and to understand that a blemish does not mean that an entire piece of produce 
should necessarily be thrown out.   
VII. Conclusions and next steps 
 
 According to the current literature evaluated for this study, urban agriculture is a 
positive use of unused, vacant lots and impermeable urban roofs, which can provide a 
number of benefits.  In a city like Philadelphia, which is moderately densely populated, 
utilizing these spaces for UA, in combination with the addition of other types of green 
spaces, offers the most potential for improvement of the urban environment in terms of 
stormwater, air quality improvement and reduction of the urban heat island effect, 
increased biodiversity, waste reduction, and decreased carbon emissions resulting from 
the transition of a portion of the food supply to locally grown food.   
Based on the literature reviewed and basic calculations performed for this study, 
using vacant lots for UA can reduce stormwater runoff.  Left as is, the characteristic 
heavily compacted urban soil offers prevents any appreciable amount of stormwater 
infiltration.  With UA, soil is aerated and supplemented with organic matter, and 
burrowing insects such as earthworms make the soil more porous, which promotes 
stormwater infiltration (Yang & Zhang, 2011) and replenishment of groundwater 
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aquifers.  UA should be further evaluated for potential use as a legitimate green 
infrastructure measure for this purpose.  Literature evaluating stormwater runoff capture 
on extensive and intensive green roofs, including rooftop gardens, indicates that using 
rooftops for UA has a net stormwater runoff reduction effect and the cumulative benefit 
of converting a large percentage of urban roofs to UA could be quite significant.  
Additional stormwater diversion is possible by the use of rain barrels, cisterns and other 
water storage devices used to capture rainwater for irrigation.   
In terms of waste reduction, utilizing food waste as compost for UA helps “close 
the loop” by allowing both a reduction in the waste stream and a means of amending poor 
quality soil.  Through the enrichment of soil and cultivation of a rich variety of plant 
species which attract beneficial insects and birds, UA also promotes biodiversity in cities.  
Like parks and traditional green roofs, UA appears to improve air quality in cities and 
help reduce the urban heat island effect.  Rooftop gardening can have a direct effect on 
keeping buildings cool, by insulating roofs with a  deep soil layer and creating shade.   
Finally, transitioning a portion of the urban food supply to local food production 
is also likely result in a net reduction of carbon emissions and decreased food waste from 
transportation and unreasonable aesthetic shelf standards.  It is also important that if UA 
gains popularity in part for its environmental benefits, gardeners and farmers should be 
aware of and use sustainable agriculture practices.  The use of pesticides or other 
chemicals would create a negative environmental impact, as would the planting of certain 
invasive species or over-tilling soil. 
 Limitations of the study included a lack of analysis of other important factors 
related to feasibility of UA, including economic, legal, taxation or zoning analysis, or an 
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assessment of commercial vacant land.  Going forward, additional quantitative research is 
warranted in order to provide a more definitive evaluation of the benefits and possible 
drawbacks of UA on vacant lots, rooftops and other unused space in cities.  This research 
should include a thorough analysis of the factors listed above.  The completion of a 
comprehensive study comparing the effects of UA on a moderately sized sample of 
vacant lots and rooftops throughout the city would also be a valuable resource that could 
be employed in future policy decisions.  The study would involve an analysis of 
stormwater runoff mitigation via infiltration and stormwater capture, air quality and 
temperature in the vicinity of gardens, quantities of waste diverted for compost use, and 
observation of differences in insect and bird population sizes on the sample sites.  
Philadelphia would be an ideal city to conduct this study because of the large number of 
vacant lots, the degree of seriousness of relevant environmental concerns and the 
potential for improvement.
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Figure 10: Environmental Benefits of UA; Compiled for this study 
Environmental Benefit Description Level of 
Impact: 
Community 
Garden/ 
Urban Farm 
Level 
of 
Impact: 
Rooftop 
Garden 
Improved Soil Quality  Reduced soil compaction 
 Improved pH 
 Increased organic matter 
 Improved nutrient content 
 Increased microbial activity 
 Improved drainage 
 Reduced contamination 
X  
Reduction of Stormwater 
Runoff 
 Reduced compaction and increased drainage in formerly vacant 
lots increases infiltration 
 Evapotranspiration from community and rooftop garden plants 
decreases runoff 
 Diversion of runoff to rain barrels and cisterns for irrigation 
X X 
Improved Air Quality  Like trees and extensive green roof plants, garden plants filter 
airborne contaminants such as CO, SOx, NOx, and particulates 
through dry deposition and microclimate effects 
 Effect may be higher for rooftop gardens, because of the 
elevation 
 Further research needed; expected benefit based on extrapolation 
from other types of green spaces 
X X 
Reduction of Urban Heat 
Island Effect 
 Like trees and extensive green roof plants, gardens plants have 
cooling effect due to photosynthesis and evapotranspiration 
X X 
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 Garden plants may have more of a cooling effect than grass or 
sedums because they have broader leaves and are taller, 
providing a larger surface area and more shade 
 Deeper soil required for root growth on rooftop gardens provides 
more insulation 
 Garden plants should also have a stronger cooling effect 
compared to sedums because sedums belong to the CAM family 
so evapotranspiration does not occur during the day 
 Further research needed 
Increased Biodiversity  Increased microbial biodiversity and earthworms in soil in 
former vacant lots (community gardens) 
 Increased earthworms and garden insects attract birds; a number 
of beneficial insect species unique to cities have been identified 
in community gardens 
 A wide range of insects, including beetles, ants, bugs, flies, bees, 
spiders and leaf-hoppers are commonly found on green roofs 
 Increased plant variety = higher biodiversity, so rooftop gardens 
should provide greater number of species than extensive green 
roofs 
 Green roofs/rooftop gardens provide stopping grounds/nesting 
for local or migrating birds 
X X 
Reduced Carbon Emissions  Decreased food miles reduce carbon dioxide emissions 
 Majority of fruit and vegetable transport is made by truck, which 
produces highest emissions 
X X 
Waste Reduction  Food waste is diverted from landfills for compost 
 Decreased food waste from transportation shrinkage, elimination 
of shelf standard factor and higher acceptance of imperfect 
looking produce 
X X 
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